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Description 

[0001 J The present Invention relates generally to the rslnforcamsnt of hollow structural members and mote spedfl- 
calty dssls with rsinforcsment of structures having enclosed regions that present special access problems. 

s [0002] In rscsnt years, a number of tactors havs necesslated fundamental changes In the approach to automotive 
structural dssign. These Include the need to meet ever-lncrssslng Impact resistance and fuel sconomy standards and 
the need to produce a competitively priced vehicle In a global marketplace. At times, these requirements ere seemingly 
at odds with one another. For example, Impact resistance can In most cases be achieved simply by increasing steel 
thickness or through the use of high strength steels. These approaches, however, generally increase vehicle weight 

io and/or cost Although lightweight resins are available which can be used to All entire holow cavWee of structural mem- 
bers to provide greater strength, these materials are expenstvs and thus their use in great quantities undsslrably m- 
cressee vehicle cost. 

[00031 The present Inventor has pioneered a novel approach to structural part reinforcement through locabed rein- 
forcement of critical regions using microaphere-f Hied thermally expandable resins, such as: a compoalte door beem 

is which has a resin-based core that occupies not more then one-third of the bore of a metal tube; a holow laminate 
beam characterized by high atiffness-to-maaa ratio and having an outer portion which la separated from an Inner tube 
by a thin layer of structural foam, a W-shaped carrier insert rslnforcsment which carries a foam body for use In rein- 
forcing s hollow beam; a bulkhead that utMzoe a thermally expandable foam to provide localized reinforcement of a 
rail for the attachment of an engine crade or the Ike. 

20 [0004| Although thess techniques srs wea sultsd for a number of applications there exlsta a need for locallzsd 
reinforcement of regions having special acceea problems. More specifically, hi a number of holow structural parts the 
member haa an endoeed region or apace which la located some distance from the opening oftheepaoe and la dHflcut 
to reach due to e curvature or bend In the member. In soms Instances the member end the channel which It defines 
have an Irregular gsometry that makes access to a particular Internal region difficult Of course, in soms Instances t 

23 may be possftris to sknply fit the entire structure with a liquid resin which Is then cured, but aa stated above, this 
approach may be prohbWvely expense In a number of applications. 

[0006] JP01 068309 describss a method tor Introducing a foaming agent Into a poroua reinforcing structural m amber 
located in an enclosed section. A hols Is bored into the body and a foaming agent poured In. The subjsct-mstter of 
this document forms the baaia for the preemble erf claim 28. 

so [0006] WO93/06 1 03 dtecJoees strengthening a hollow member by Inserting a foam precursor means wtthin ths mem- 
bar and thereafter heating the structure. A heat sink formed from e length of tight gauge steel tubing, carrying a liquid 
foam precursor mixture in an envelope Is located in a fixed position within the hollow member. This document oUdoees 
a structural reinforcement member according to the preemWe of delms 1 and 20. 
[0007] Accordingly, there la a need for an alternative method of provklng localzed reinforcement o^ 

33 present invention provides a solution to this problem. 

[0008| According to a first aspect of the present invention there is provided a structural reinforcement member com- 
prising a flexfels member, which bends aa pressure is applied such that It can be fed Into e hollow structural part having 
a cavity of non-straight I near geometry and go through at least one bend, having a length greater than tta diameter or 
width characterised In that at least a portion of an external surface of said length of said flexible member is covered 

40 wthe layer or coat of an expandable rasln which wWbe^ 
member. 

[0006] It is a further object of the present Invention to provide e method of introducing a localized resin reinforcement 
In a structural part where the region to be reinforced Is beyond a curvature in a channel 

[001 0) (tiastila further object of the present invention to provide a method of centralizing a resin reinforcement in 
45 a hollow structural part in a region which Is difficult to access. 

[0011] According to a second aspect of the present Invention there Is provided a method of reinforcing e holow 
structural part having a cavity of non straight linear geometry and at least one bend with reinforcement at said bend 
characterised In that t comprises the stsps of: 

30 Inserting a flexfels member Into the cavity of said hollow structural part, 

bending and fsedkig the nexibie nr>ember through the cavity until the sxpandabie resin is located at the bend; and 
expanding the expandable resin such that the expandable resin Is bonded to said hollow structural part at ths bend. 

p»1 2] In one embodiment the present invention provides e method of reinforcing a part In a localized region. The 
ss method Includes the steps of providing a flextoie member having a length substantially greater than its width; covering 
at least a portion of ths flexible member with a thermally expendable resin; and inserting the flexible member into the 
cavity of a hoUow structural part The insertion step includes the stsp of bending the flexfele member to accommodate 
the geometry of the part cavity. The resin is then thermsMy expanded such that ths resin Is bonded to the structural 
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part In this manner, localzed reinforcement can be achieved for any number of parts whoaa Intamal geomstry would 
maka it dlflteul or irnpcestole to reinforca using conventional techniques. 

[001 3] According to a third aspect of tha praaant invention thara Is a ralnf oicad hoiow rigid structural part having an 
elongated cavity of non straight linear geometry end at least one bend said hollow structural part being reinforced at 

5 aak! bend by an expanded reeln which la a atmctural foam expanded into Inttnate contact wtth and bonded to said 
hollow structural part at the bend said reinforced holow structural part being characterised In that a flextole member 
runs longitudnally through the cavity of said hoOow structural part and the expanded resin at the bend. 
[0014 In one embodiment tha flexible membsr Is a tuba around which tha rosin Is applied as a layer or coating. The 
resin-coated tube la then Ineertod in the structural part and bends aa praaaure la applied such that it can be fed into 

10 the part cavity, i.e. it conforms to the desired shape as it is inserted into the part 

[001 6] in one smbodknent, the reeln indudee a blowing agent and glass microsphere. After the flexible member Is 
in place In the part, the part is heated, for example after installation in a motor vehicle, to a temperature sufficient to 
activate the blowing agent and thermally expand the resin. As tha reain expands t bonda to the Inner wals of the part 
forming a tube-in-tube type structure wtth high strength characteristics. 

'* [0016] In one embodiment, the thermally expanded reeln Includes, in parts by weight, from about 40% to about 80% 
resin, from about 10% to about 50% microspheres, from about 0 J% to about 6% blowing agent, from about 1% to 
about 15% filler, from about 0.6% to about 2% accelerator and from about 1% to about 8% curing agent 
[0017] In still another embodiment, the flexible member includes one or more stand-offa which apace it from the inner 
wafis of the atmctural part 

20 [0018] These and other aspects, featuree and objecta of the invention will be more fuly deecrlbed in the following 
detailed description of the preferred embodiments of the Invention wtth reference to the drawings. 

Figure 1 iHustratse a resin support tube used in the method of the preaent Invention. 

Figure 2 Ohistratee a aide olevatlonaJ view partly in section showing the posifon of the unexpended reain on the 
23 reeln support tube. 

Figure 3 IHuatratee another reain support tube with a covert* of unexpended reeln. 

Figure 4 depicts a curved etructural member In cross-section to reveal the reeln support tube In position prior to 
sxpanalon of the reeln. 

Figure 5 depicts the curved structural member of Figure 4 in croee-eection, revealng the expanded reeln forming 
30 an internal reinforcement 

Figure 8 la a front view of a reeln support tube having radial stand-offs for use in the present Invention. 
Figure 7 Is an end view of the support tube of Figure 8 In the (fraction of arrow 7-7. 

Figure 8 depicts a curved etructural member In cross-section, revealng the unexpended reeln and the placement 
of the stand-offs. 

33 

[001 9] Referring to Figures 1 and 2 of the drawings, flextole member or tube 20 is shown which servee ee e support 
for unexpended reain sheath 22. Flextole member 20 is moot preferably a hollow tube similar to that used ee e conduit 
for electrical wiring 23. Varioua flextole co ndulta will be known to those skilled in the art One particular pref er red flextole 
conduit is a metalte spiral tube which can be flexed without metal deformation due to la spiral construction. Of course, 

40 it may not be necessary for tube 20 to be round in cross section and other conflguratione auch aa square or oval may 
be suitable. Where flextole member 20 la a hollow metal tube it wil typically be formed of aluminum and wll preferably 
have a wal thlckneas of from about £ to about 1 .2 mm. The diameter of tube 20 wtl vary depending upon the application, 
but will typically be from about 8 to about 40 mm and wfli typically have a length of from about 60 to about 800 and 
preferably 200 mm In moat automotive applications. In some applications, tube 20 will be deformed beyond Its elastic 

43 limit during placement in the structure to be reinforced. In addition, in some applications a more elastic tube or rod can 
be used which la essentially spring biased In position in the structural cavity. Although hollow tube 20 fa moat preferred, 
particularly since it providee a Ightwelght structure, solid rods may also be used It may be deeirabie to use plastic 
rods or tubes, rather than metal, aa tube 20 In some applications. 

[00201 The length of tube 20 ie a function of the distance to the site to be reinforced from the cavity opening. The 
so length of tube 20 is greater than Is diameter or width end in many applications tube 20 wil be preferably at least 6 
times or may be 20 timee and often mora than 1 00 times longer than its diameter In cross section. In merry applications, 
tube 20 wil have a length of from about 50 to about 200 mm Aiao, in some application, it may be deeirabie to cover 
substantially all of tub# 20a, shown aa a spiral conduttin Rguraa, wth reeln sheeti 22a. 

[0021] Resin sheath 22 In most applications wffl be a layer extending around the entire outer surface of tube 20 and 
33 wti usually be of relatively uniform thickness, for example from about 2 to eboutOmm. In the unexpended state. Resin 
sheath 22 can be prepared by <*e cutting a sheet of reeln to the requisite geometry and the wrapping the pro-cut sheet 
around tube 20. A/ttrnaUvefy, the coating may be molded on the carrier, although it may be possible to use other forms 
of coating, auch as by spraying or the like. 
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[00221 The polymer used to fom> realn sheath 22 is a resin based material which Is preferably thermal ly expendable 
A numbar of reeln-based compoaUons can ba utflzsd to form nam Shaath 22 In tha peasant invantlon. Tha preferred 
compositions impart axcalant strength and stfflnees characteristics while adding only marglnaly to tha waight With 
specific raferanca now to tha composition of shaath 22, tha density of tha material should prafarably ba from about 
(0.32 g enr 3 (20 pounds par cubic faat) to about 0 JO g enr* (60 pounds par cubic f aat) to minimize waight Tha malting 
point, haat distortion tamparatura and tha tamparatura at which chamlcal braakdown occurs must also ba luffiderrtty 
high such that sheath 22 maintains Ha structura at high tamparaturaa typicaly ancountarad In pain ovens and tha like. 
Therefore, sheath 22 should be able to withstand temperaturee in excess of 160* C (320 degreee F.) and preferably 
176-C (350 degreee F.) For short times. Also, sheath 22 should ba able to wtthatand heats of about 32*C (90 degreee 
F.) To 93 *C (200 degrees F.) For extended periods without exhfalting substantial heat-induced distortion or degradation. 
[0023] In mora detail. In one particularly preferred embodiment the thermaly expanded structural foam of sheath 22 
Includes a synthetic reek), a eel-forming agent, and a filar. A synthetic resin comprises from about 40 percent to about 
80 percent by weight, preferably from sbout 46 percent to about 76 percent by weight, and moat preferably from sbout 
50 percent to about 70 percent by weight of shaath 22. Moat preferably, a portion of the realn Indudoe a HextoJe epoxy. 
Aa used herein, the term "cell-forming agent" refers generally to agents which produce bubblea, poree, or cavttlee In 
sheath 22. That ie, sheath 22 has s cellular structure, having numerous cells disposed throughout Its maaa. Thia cellular 
structure provides a low-density, high-strength material, which provide a strong, yet lightweight structure. Gel-forming 
agents which are compatible with the present invention Include reinforcing "hollow* microsphere or microbubblee 
which may be formed of either glass or plastic. Glass microspheree are particularly preferred. AJao, tha eel-forming 
agent may comprlee a blowing agent which maybe either a chemical blowing agent or a physical blowing agent Where 
tha can-forming agent comprises microspheree or macroapherse, It constitutes from about 10 percent to about 60 
percent by weight, preferably from about 1 6 percert to ebo^ 

to about 40 percent by weight of the material which forma shsath 22. Where the cell-forming agant comprises a blowing 
agent, ft constltutee from about 0.5 percent to about 5.0 percent by weight, preferably from about 1 percent to about 
4.0 percent by weight, and moat preferably from about 1 percent to about 2 percent by weight of sheath 22. Suitable 
fillers include glass or plastic microspheree, fumed smca, caJdum carbonate, mlJed glass fber, and chopped gists 
strand. A thixotroplc filar la particularly preferred. Other metadata may be suitable. A filler comprfeee a from about 1 
percent to about 15 percent by weight, preferably from about 2 percent to about 10 percent by weight and moat pref- 
erably from about 3 percent to about 6 percent y weight of shsath 22. 

[0024J Preferred synthetic resins for use In the preeent Invention Include thermoeeta such aa epoxy resins, vinyl 
eater resins, thermoset polyester reeine, and ursthane reeine. It ie not Intended that the ecope of the preeent Invantlon 
be limited by molecular weight of the resin and suitable weights wll be understood by those skiled In tha art baaed on 
the preeent disclosure. Where tha realn component of tha liquid filler material is a thermoeet ream, various accelerators, 
such aa Imkflzolee and curing agents, preferably dicyandlamide may also be included to enhance tha cure rata. A 
functional amount of accelerator is typically from about 0.6 percent to about 2.0 percent of tha realn waight with cor- 
respond^ reduction in one of the three components, reein, eel-forming agent or filler. Slmflarly, tha amount of curing 
agent used la typically from about 1 percent to about a percent of the resin weight with e corresponding reduction In 
one of the three components, resin, cell-forming agent or filler. Effective amounts of processing aide, stabilizes, col- 
orants, UV absorbers and the like may also ba included In layer. Thermoplastics may also be suitable. 
[0025] In the folowfng table, a preferred formulation for sheath 22 Is set forth. It hee been found that this formulation 
provides a material which fully expands and puree at about 1 60*C 320 degreee F.) and provMoe excellent structural 
properties. All percentages In the preeent disclosure are percent by weight unless otherwise apecflcafly designated 



INGREDIENT 


PERCENTAOE BY WEIGHT 


EPON 828 (spoxy resin) 


37.0 


OER 331 (flsxfeis epoxy resin 


18.0 


DI-CY (dJcyandtamkte curing agent) 


4.0 


IMOZOLE (tootteratw) 


0.8 


FUMED SHJCA (tMxotropte fWsr) 1 


1.1 


CELOGEN (RTM) AZ1 98 (vmfcwtenarr** Mowing sgsnQ- 


v • . 1* 


B38 MICROS (glass microspheres) 


37.0 


WINNOFIL (RTM) CALCIUM CARBONATE (CaCO, fUsr) 


0.0 



10026] Referring now to Figure 4 of the drawings, structural part 24 is seen In cross section and defines cavity 26. 
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For the purpoM of Illustration only, structural part 24 it shown how as a portion of an automotive roil bar. Other prof erred 
applicatlona art for usa In reinforcing top A-pBlar Joints and taat framaa. Structural part 24 has an arcuate or curvsd 
portion 28 which defines an arcuata portion 30 of cavty 26. Cavities similar to cavity 26, La. thoaa which art difficult 
to accost, am tha focus of the present Invention. Roxfeio tuba 20 la shown In position In cavity 26 prior to thermal 

5 expansion of tha mam. Tuba 20 la bent to conform to tha ahape of cavity 26. This shaping operation is preferably 
performed in place. In other words, flexible tube 20, having resin sheath 22 positioned at a preselected location relative 
to the ends of tube 20, in inserted into cavty 26. Aafomia applied to tube 20 ft movee farther through the passage. 
As It encounters resistance from the Inner wale 32, flexible tube 20 bends, thereby "snaking" Its way through cavty 
26, Indudng beyond arcuate portion 30. Alternatively, ft may be possible In some applcationa to bend tube 20 to a 

io conforming geometry prior to Inserting It into cavity 26. Fltxfcie tube 20 ia Inserted a distance sufficient to bring resin 
sheath 22 into position at arcuate portion 28. Once in position, outer end 34 of tube 20 is clamped into position relative 
to tube 20 with a clamp (not shown) or otherwise fixed In poeUon, I required. 

[0027J The cavity 26 Is of non-straight linear geometry which could be more complicated than having simply one 
bend with its arcuate portion such as illustrated in Figure 4. Where there art multiple bends or Irregularitiee a resin 

is sheath 22 could be provided for some or ail of those irregularities, this could be done by providing IndMdual spaced 
resin sections or by providing one or more continuous resin sections which are located at two or more bends. 
[0028] Referring now to Figure 5 of the drawings, resin 22 Is shown In the expanded state. That la, once tube 20 and 
resin 22 are in position in structural part 24, the resin la expanded by heating the entire assembly to a tenperature 
which activates the blowing agent to expand and cure resin sheath 22. In automotive applicatlona that la typically 

20 achieved aa the vehicle moves through the paint oven. Resin 22 expands to several times Its original volume, preferably 
at least twice Its original volume. The expanded resin contacts and bonds flmrfy to surrounding walls 32 of structural 
part 24. it also cures to form a rigid reinforcement in part 24. In this manner, a minimum amount of resin Is used at the 
precise location where reinforcement la required. 

[0029] Referring now to Figures 0 and7of the drawings, tube 20 is provided with radical ttand-off assembly 36 which 
* has legs 38, typically two p four In number. As seen In Figure 8, stand-off assembly 36 serves the function of generally 
centering tube 20 In structural part 24. It may be preferable to make legs 38 somewhat reefllent, l.e. ft may be desirable 
to allow legs 38 to flax Inwardly aa tube 20 is Inserted Into cavity 26. 

[0030] While the Invention haa been deecrtoed primarily In connection with automotive or vehicle parte, It le to be 
understood that the Invention may be practiced as part of other products, such aa alrcrafta, ships, bicydee or virtually 

» anything that requires energy for movement Similarly, the Invention may be used with stationary or static structures, 
such as buildingi, to provide a rigid support when subjected to vtoration such aa from an earthquake re slrrply to 
provide a lightweight support for structures subjected to loads. Additionally, whle the Invention haa been described 
primarily with respect to heat expandable foama and with respect to metal parts such aa the structural part and the 
flexible member, other materials can be used. For example, the foam could be any suitable known expandable torn 

a which Is chemfcaly activated Into expansion and forms a rigid structural foam. The flexftrie member could be made of 
materials other than metal such aa various plastics or polymeric materials or various wood type fibrous materials having 
sufficient rigidity to function as a back drop or tupport for the foam. Where a heat expandable foam ie used the flexible 
member should be able to withstand the heat encountered during the heat curing. Where other types of torn materials 
are used, however, It is not necessary that the flextole member be able to withstand high temperaturee. Instead, the 

40 basic requirement for the fiextte member is that I have sufficient rigktty to function In Its intended manner. It la also 
possfale, for example, to use aa the flexfcie member materials which in themselves be come rigid upon curing or farther 
treatment The Invention may alao be practiced where the etructurai part is made of material other than metal. It h 
preferred, however, that materials be selected for the structural part and flexible member, as wed as the foam, so that 
the thin unexpended foam upon expansion forms a strong bond wfth the structural part and flexible member, ao that a 

<* structural composition will result 

[0031] While particular embodiments of this Invention are shown and described herein, ft wfl be understood, of 
course, that the invention is not be limited thereto since many modifications may be made, particularly by those skated 
in this art, in light of this disclosure, it is contemplated, therefore, by the appended claims, to cover any such modH- 
cations aa tel within the scope of this invention. 

50 



Claims 

1 . A structural reinforcement member comprising a flexible member (20), which bends aa pressure is appled such 
thxtcanbtfodlntoa ho/tow structure* part (24) having a cavtty (26) of non-strafcht Inear geometry and go 
through at least one bend (28), having s length greater than its dtameter or width characterised In that at least 
a portion of an external surface of said length of said flextole member (20) ie covered wfth a layer or coat of an 
expandable resin (22) which wil bend with the flextole member aa pressure Is applied to the flexible member. 
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2. A structural reinforcement member as claimed In claim 1 , wherein ths length of tht ftodbto member (20) is ft toast 
flva timaa its dlamstsr or width. 

3. A structural reinforcement mtmbar as dalmed In claim 1 or 2, further comprising a stand-off asstmbiy (36) for 
5 generally centering the flaxlbla mambar (20) In ths structural part (24). 

4. A structural reinforcement member as claimed In claim 1 , 2 or 3, wherein the flextole member (20) is hollow. 

5. A structural reinforcement member as claimed in claim 1 , 2, 3 or 4, wherein said flexible member (20) haa a spiral 
w construction. 

6. A structural reinforcement member aa claimed in dakn 1,2 or 3, wherein the flexible member (20) Is sold. 

7. A structural reinforcement member as claimed in any of the preceding claims, wherein the expandable resin (22) 
18 is thermally expandable and contains hollow microspheres. 

8. A structural reinforcement member aa claimed In any of the preceding claims, wherein the diameter of the flexible 
member (20) is from 8 to 40 mm and its length is from 50 to 200mm. 

20 g. A structural reinforcement member aa claimed In any of the preceding claims wherein the layer (22) encircles and 
encases at least a portion of the flexible member. 

10. A structural reinforcement member aa claimed In any of the preceding daima, wherein the layer (22) haa a unlorm 
thickness of from 2 to 8 im : 

11. A structural reinforcement member as claimed in claim 4 having a wail thickness of from 0 j to 1.2 mm. 

12. A structural reinforcement member aa claimed In any of the preceding claims, wherein the flextole member (20) 
la formed of metal. 

90 

13. A structural reinforcement member as claimed in daJm 12, wherein the metal is aluminium. 

14. A structural reinforcement member aa claimed In any of the preceding claims which is substantially covered by 
the expandable ream (22). 

90 

16. A structural reinforcement member as claimed in any of the preceding claims, wherein the expandable resin (22) 
is thermally expandable and includes, in parte by weight, from 40% to 80% resin, from 10% to 60% microspheres, 
from 0.5% to 5% blowing agent, from 1% to 16% filler, from 0.5% to 2% accelerator and from 1% to 8% curing agent 

40 16. A structural reinforcement member as claimed In any of the preceding daima, wherein the ream (22) is thermally 
expandable and includes, in parte by weight 66% epoxy resin, 4% dteyarxfiamide curing agent 0.8% Imkfaole 
accelerator, 1 .1 % fumed silica, 1 2% azodlcarbonamide blowing agent 37% glaaa microspheres, and 0.9% calcium 
carbonate filer. 

49 17. a structural reinforcement as claimed In any of daima 1 to 5 or 7 to 16, wherein the flextole member (20) Is a holow 
tube wth electrical wiring extending iongftudlnaiy therein. 

16. A structural reinforcement member aa claimed in any of the preceding claims, wherein the expandable resin (22) 
is s die cut sheet which is wrapped around the flextole member or is a coat molded onto the flextole member (20). 

so 

19. A structural reinforcement member aa claimed In any of daima 1 to 1 8 In which the expandable resin (22) is able 
to withstand a temperature of about 32*C to 93*C for extended periods without exhtoltlng substantially heat induced 
dteWuon or aegmuon. 

so 20. A method of nktfotchg a hollow structural part (24) having a cavfty (26) of non straight Ikmor geometry and at 
least one bend (28) with reinforcement (22) at said bend (26) characterleed In that I compriaee the stepe of: 

inserting a structural reinforcement member (20) as claimed in any of daima 1 to 1 9 into the cavity (26) of said 
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hollow structural part (24), 

bending and feeding the ttructurtl reinforcement member (20) through tha cavity (26) until tha expandable 
resin (12) la located at tha bend (28); and 

expanding tha expandable realn such that the expandable resin Is bonded to said hoHow structural part (24) 
5 at the bend (28). 

21. The method of reinfordng a part aa claimed In claim 20, wherein the part Is selected from the group consisting of 
an A-pWar Joint, a seat frame and a rol-bar for a motorvehlde. 

io 22. The method of reinfordng a part aa claimed m claim 20 or 21 wherein the structural reinforcement member has 
an attached stand-off assembly (36) tor spacing the structural reinforcement member from the part Inner walls 
prior to the expansion step. 

23 The method of reinfordng a hollow structural part aa claimed In any of datona 20 to 22, wherein the structural 
is reinforcement member la Inelastically deformed prior to the Insertion step, the deformation being such that the 
structural reinforcement member conforma to the geometry of the cavity (26). 

24. The method of reinforcing a hollow structural part aa claimed In any of daima 20 to 22, wherein the structural 
reinforcement member la shaped during the Insertion step by contact with the hollow structural part (24). 

20 

26 The method of reinfordng a hollow structural part aa claimed In any of daima 20 to 24, wherein the structural 
reinforcement member is secured m the hollow structural part (24) prior to the expansion step. 

26. The method of rdnfordng a hollow structural part 

29 of bends, and the resin (22) Is located at more than one of the bends. 

27. Tho method drelnfofdng a hollow structural^ 

part, the reein (22) Is thermally expandable, and the resin la expanded In a vehicle paint oven during a painting step. 

so 28. A reinforced hollow rigid structural part (24) having an elongated cavty (26) of non straight linear geometry and 
at least one bend (28) said hollow structural part being reinforced at said bend (28) by an expanded reein (22) 
which Is a structural foam expanded Into Intimate contact wth and bonded to said hollow structural part (24) at the 
bend (28) said reinforced hollow structural part being characterised In that a flexible member (20) nine longitu- 
dinally through the cavity (26) of said hollow structural part (24) and the expanded reein (22) at the bend (28). 

35 

29. A reinforced hollow structural part aa claimed In daim 28, wherein said holow structural part la a vehicle part 
selected from the group consisting of a roll-bar, an A-plDar Joint and a seat frame. 

30. A reinforced hoilow structural part as claimed in daim 28 or 29, wherein said flexible member (20) is hollow, and 
40 electrical wiring (23) extends longftudnaUy through said flexible member (20). 

31. A reinforced hdlow structural part as claimed In daim 28, 29 or 30 including at leeat one stand-off aasembty (36, 
38) mounted around said flexible member (20) at a location outwardly of said expanded resin (22), said stand-off 
assembly having a plurality of outwardly extending lege (38) In said cavity (26) In resilient contact with an Inner 

45 surface of said hoflow structural part (24). 



PatentanaprOcho 

so 1. StruWun^rstlrlcungselement, das ein flextolea Element (20) aufweiet, welchee slch bel Aueflben von Druck derart 
verbiegt, dass ee In elnen hohlen Strukturtefl (24) mit einom Hohlraum (26) nichtgerader linearer Geometrie et> 
gefOhrt und durch wenigstena eine Krflmmung (28) hindurchgehen kann, und welchee eine griBere Lingo aia 
seJnon Puttfsneeeer ody seine Btotto aufweiet, deduwfc gefcerouelchaet, deee wenlgatene ein TeleinerAu- 
Senfliche der genannten LAnge dee genannten ftodblen EJementee (20) mit elner Schlcht odor einem Uberzug 

39 at* efnem auBdehribarwt Han (22) bedeck* 1st, das slch mt dem flax/Wen Bement bet AutOben von Druck mil 
das flexible Element verblegen wW. 

2. Strukturverstflrkungselement nach Anspruch 1 , bel dem die Lflnge des flexfelen Elements (20) wenigstene daa 
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fQnffacha Minw Durchmaasara odar —torn Brtlta batrigt 

3. StrukturvaratArkungsalamant nach Anapruch 1 odar 2, das wtttar tina Abatandsbaugruppa (36) zum ailgamainan 
Zantriaran daa flaxtolan Elamanta (20) in dam Strukturtai (24) aufwalat 

5 

4. StrukturvaratArkungaalamant nach Anapruch 1 , 2 odar 3, bai dam daa flaxffala Elamant (20) hohl iat 

8. StaJkturvaratArkungsalemant nach Anapruch 1,2,3 odar 4, bal dam daa ganannta ftodbla Elamant (20) ainan 
tplralf6rm)gan Aufbau hat 

10 

6. StrukturvaratArkungaalamant nach Anapruch 1 , 2 odar 3, bal dam daa ftodbla Elamant (20) maaalv 1st 

7. StrukturvaratArkungaalamant nach elnem dar vorhargahandan AnaprOcha, bal dam dar auadahnbara Harz (22) 
wArmaauadahnbar iat und hohla MicrofcOgakhan anthill 

1$ 

3. StrukturvaratArkungaalamant nach einam dar vorhargahandan AnsprOcha, bal dam dar Durchmessar daa ftodblan 
Elamanta (20) von 8 bis 40 mm und saina LAnga von 60 bis 200 mm bstrflgt 

9. StrukturvaratArkungaalamant nach alnam dar vorhargahandan AnaprOcha,- bal dam dia Schteht (22) wanlgatans 
n sinan Tail daa flaxfelan Elamanta umschOaBt und sinkapsalt 

10. StrukturvaratArkungaalamant nach alnam dar vorhargahandan AnaprOcha, bal dam dia Schteht (22) alna alnhatt- 
Bcha Dteka von 2 bis 8 mm aufwalat 

2$ 11 . StrukturvaratArkungaalamant nach Anapruch 4, daa alna Whnddlcka von 0,6 bis 1 2 mm aufwalat 

12. StrukturvaratArkungaalamant nach alnam dar vorhargahandan AnaprOcha, bal dam daa flexbla Elamant (20) aus 

so 13. StrukturvaratArkungaalamant nach Anapruch 12, bai dam das MataA Aluminium daratalt 

14. StrukturvaratArkungaalamant nach ainam dar vorhargahandan AnaprOcha, daa Im waaantllchan durch daa aua- 
dahnbara Harz (22) badackt Iat 

so 15. StrukturvaratArkungaalamant nach alnam dar vorhargahandan AnaprOcha, bai dam daa auadahnbara Harz (22) 
wArmaauadahnbar Iat und In Gawtehtstalan von 40% bis 80% Harz, von 10% bis 60% MikrokOgaichan, von 0,5% 
bis 6%Trabmtttal, von 1 % bla 1 6% FCHknaterial, von 0,5% bis 2% Beachlaunigar und von 1% bis 8% HArtungamittal 
umfasst 

40 16. StrukturvaratArkungaalamant nach alnam dar vorhargahandan AnaprOcha, bal dam daa Harz (22) wArmaauadahn- 

bar 1st und In Gawlchtstallan 55% Epoxidharz, 4% Dicyandlamid-HArtungsmttal, 0,6% Imidizol-Baschlaunlgar, 
1,1% KJaselpudar, 1 ,2% AzodtearbonamJd-Trafcmlttal, 37% GlaamfcrokOgalchan und 0,9% Kaiziumcarbonat-Ffflh 
matarlal umfaaat 

45 17. StrukturvaratArkungaalamant nach ainam dar AnaprOcha 1 bis 5 odar 7 bla 16, bal dam daa ftodbla Elamant (20) 
ein hohlaa Rohr mit slch darfn dar LAnga nach eratrackandar Uardrahtung darstalfc. 

16. StrukturvaratArkungaalamant nach ainam dar vorhargahandan AnaprOcha, bal dam das auadahnbara Harz (22) 
alna auagaatanzta Folia darateit, da urn daa flaxfela Elamant gawtekat wird, odar sin auf das ftodbla Elamant 
so (20) gagoaaanar Obarzug 1st 

19. StrutturvaratArkungsalamant nach alnam dar AnaprOcha 1 bla 18, In dam daa auadahnbara Harz (22) einarTam- 
pawtor von atara 32*C bis 9TC Br auagad ah ota Zafcapanna* standhaian fcam, ohna Im aaaandfah an dutch 
Wlnna varuraachta Varzaming odar Vsrachiachtarung zu zalgan. 

20. Varfahran zum VaratArkam afnaa hohlan Strukturtalla (24), dar afnan Hohlraum (26) nichtgaradar linaarar Gaoma- 
trfa und wanlgatans alna Krflmmung (28) mit VaratArkung (22) an dar gananntan KrOmmung (28) aufwalat dadurch 
gakannzaichnat, daaa aa cfla folgandan Schrtta aufwalat 
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EInfOhren elnea StrakturverstArfcungselements (20) nach slnem dar AnaprOcha 1 bit 1 9 In dan Hohlraum (26) 
doe gananntan hohlan Strukturtale (24), 

Biegen und FOhren dM StmkturveritArtamgselementa (20) durch dsn Hohlraum (20), bit das ausdehnbara 
5 Harz (12) an dar KrCkmmung (28) angeordnet 1st; und 

Auadehnan daa auedehnbaren Harzaa derart, daaa daa auadehnbara Harz an dan gananntan hohlan Struk- 
turtail (24) an dar KrOmmung (28) gabundan wild. 

f o 21 . Varfahran zum Ventirkan ainaa Tails nach Anapruch 20, bai dam dar Tall von dar Grappa ausgewAhlt 1st, dla aua 
einer A-Pfefterverbindung, einem Sftzrahmen und alnar Rolschiene fOr aln Kraftfahrzeug basts hi 

22. Varfahran zum Varstirfcan alnaa Tails nach Anapruch 20 odar 21 , bal dam daa StrokturveratArkungselement alna 
befestJgte Abatandsbaugrappa (30) zum Baabatandan daa StrukturverstArfcungseiements von dar Tallnnanwand 

15 vor dam Ausdshnungaachrtt umfaaat 

23. Varfahran zum VerstArken ainas hohlan Strukturtaila nach elnsm dar AnaprOcha 20 bia 22, bai dam daa Struktur- 
verstArkungseiemertt unetastlsch vor dam Elnffihrungsschritt varfbrmt wfrd, wobai tie Vaiformung darart ist, daaa 
daa StrukturvefetArkungeeiement dar Gaomstrls daa Hohtrauma (28) antapricht 

20 

24. Varfahran zum Varstirfcan ainaa hohlan Strukturtaila nach atnam dar AnaprOcha 20 bis 22, bai dam daa Struktur- 
verstArkungselement wAhrand daa EinfOhrungsschrttts durch Kontakt mJt dam hohlan Strukturtail (24) gaf ormt wird. 

28. Varfahran zum VerstArken ainaa hohlan Strukturtaila nach einam dar AnaprOcha 20 bia 24, bal dam daa Struktur- 
25 verstArkungsalement In dam hohlan Strukturtail (24) vor dam Ausdahnungsachrttt befeetigt wkd 

26. Varfahran zum Vsrstfirkan ainaa hohlan Strukturtails nach elnsm dar AnaprOcha 20 bis 25, bai dam elna Anzahi 
von KrOmmungen vortlegt, und daa Harz (22) an mehr ais einar dar KrQmmungan vorgeeehen wird. 

so 27. Varfahran zum VerstArken ainaa hohlan Strukturtaila nach alnam dar AnaprOcha 20 bia 28, bal dam dar Tafl ainan 
Fahrzeugtefl derate!*, daa Harz (22) wArmeausdehnbar 1st und daa Harz In alnam Fahrzaugfaibofan wAhrend 
ainas Lackterschrttte auagedehntwkCL 

28. VerstArkter hohlar starrar Strukturtail (24) mk ainam linglichan Hohlraum (28) nlehtgaradar llnaarar Geometrie 
so und wanlgstana einer KrOmmung (28), wobai dar ganannta hohla Strukturtail an dar gananntan KrOmmung (28) 
durch ain auagadahntaa Harz (22) verstArkt wlrd, daa aln In angen Kontakt mit dam gananntan hohlan Strukturtail 
(24) an dar KrOmmung (28) auagedehntar und an dan sefcan gebundanar Strukturachaum 1st, wobai dar ganannta 
verstArfcte hohla Strukturtail dadurch gafcannzeichnat 1st, daaa ain ftexfclee Element (20) dar LAnga nach durch 
dan Hohlraum (28) daa gananntan hohlan Strukturtala (24) und das auagadahntan Harzaa (22) an dar KrOmmung 
40 (28)vsr1AufL 

20. VsrstAiktar hohlar Strukturtail nach Anapruch 26, bai dam dar ganannta hohla Strukturtail ain Fahizaugtail fat, dar 
von dar Grappa ausgewAhlt lat dla aua einar Roflachlene, elner A-Pfellerverbindung und alnam Sftzrahmen aua- 
gawAht 1st 

45 

30. VerstArkter hohlar Strukturtail nach Anapruch 28 odar 29, bai dam daa ganannta flexArie Elamant (20) hohl 1st, und 
elektrtache Verdrahtung (23) slch dar LAnga nach durch daa ganannta flexfcie Elamant (20) arstrackt 

31. VerstArkter hohlar Strukturtail nach Anapruch 28, 29 odar 30, dar wanlgstana eina Abatandsbaugrappa (38, 38) 
50 umfasst, die urn das ganannta flexfcle Elamant (20) henjm an elner Stella auSerhalb von dam gananntan ausge- 

dehnten Harz (22) angebracht let, wobai dla ganannta Abatandagruppa eina Anzahi von slch nach auBen erstrak- 
kenden Beinen (38) In dam gananntan Hohlraum (28) In fademdam Kontakt mi einar innanflAche daa gananntan 
hohlan Strukturtails (24) auftoete. 

55 

RevendlcatJone 

1 . Element da construction da ranf orcomant comprenant un dfcment ftextole (20) qui flAcht au for at A maeura qua 
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la preteion est spplquie, do tola sorts qui sst possble de Hntrodulm dans una pile* de construction creuse 
(24) posstdant una caviti (26) da gtomttria ilnialre non ractiiigna at da la faira paaaar par un couda (28) au 
molna , dont la longuaur aat supirieure ft ton cfiamfttre ouft sa largeur, caractir lei an ca qu'una taction au moina 
cfuna turf aca extarna da tadfte longuaur dudlt iliment flexfele (20) aat racouvarta d*una coucha ou d*un ravfttomenl 
5 da rialna axpanttola (22) qui fMchira ovac I'Mmant ftodble tu fur at ft maaura qua la praaalon aat appllquie aur 

Mliment flextole. 

2. Eiimant da construction da renforcement, salon la ravandteatton 1 , dans laqual la longuaur da raiment flexible 
(20) aat au molna igale ft cinq fots ton cfiamfttre ou aa largaur 

10 

3. Eiimant da conttructlon da rant orcamant, talon la ravandcaHon 1 ou 2, ccmprenant an outia un anaambla tfAcar- 
tamant (36) destlni ft cantrar giniralement fMmmtt flaxlbla (20) dans la piftce da conatructlon (24). 

4. Eiimant da construction da ranforcamant, salon la ravandlcatkm 1 , 2 ou 3, dans laqual I'iliment flasdbta (20) aat 
is craux. 

5. Eliment da construction da ranforcamant, salon la revendlcatlon 1 , 2, 3 ou 4, dans laqual ledft iliment flaxibla 
(20) a una construction spiralis. 

so 6. Eiimant da construction da ranforcamant, salon la ravandlcatJon 1 , 2 ou 3, dans laqual I'iliment flaxibla (20) aat 
plain. 

7. Eliment da conatructlon da ranforcamant, salon Tuna qutteonqua daa ravancfeationa pricidefitoe, dans laqual 
la rialna axpanalbla (22) aat thermlquement expanafcle at content daa microephftree crauaaa. 

6. Eliment da conatructlon da ranforcamant, salon Tuna queiconqua daa revendlcationa pr&cidentoe, dans laqual 
la damfttre da rtMmtnt flexfcle (20) sat da 8 i 40 mm at ta longuaur da 60 ft 200 mm. 

9. Eliment da conatructlon da ranforcamant, salon Tuna queiconqua daa revendlcatJona pr6c6dtntaa, dans laqual 
so la coucha (22) ancarcla at nscouvra au molna una tectfon da riliment flaxibla. 

10. Element da conatructlon da ranforcamant, talon Tuna queiconqua daa ravancflcationa pricidontoe, dant laqual 
la coucha (22) a una ipaleaeur untforme da 2 ft B mm. 

$9 11 . Eliment da conatructlon da ranforcamant, talon la revendteation 4, ayant una ftpaitaaur da parol da 0,5 a 1 ,2 mm. 

12. Element da conatructlon da ranforcamant, talon Tuna qualconqua dat rsvendlcatlona pricidentee, dans laqual 
1'iliment flexWa (20) est rialiei an mital. 

40 1$. Eliment da conatructlon da ranforcamant, salon la revendestfon 12, dans laqual la mital aat da r aluminium. 

14. Element da conatructlon da ranforcamant salon Tuna qualconqua daa revendlcationa pricidentee, qui aat etten- 
tleflamant ntcouvart du rftalna exportable (22). 

48 15. Eliment de construction da ranforcamant, salon rune queiconqua das revendJeatione pricidantaa, dans laqual 
la rialna expanafcle (22) est tharmlquamant expanses at contlent, en parties an poida, da 40% ft 60% da rialna, 
da 10% ft 50% de microspheres, da 0,5% ft 5% cfagent gonflant, da 1% ft 15% da matlftra da rampHaaaga, da 
0,5% ft 2% (faccilirataur et de 1% ft 8% cfagent durdaaaur. 

50 16. Eliment de construction da ranforcamant, salon rune queiconqua das rtvandlcadona pricidantee, dans laqual 
la rialna (22) aat tharmlquamant expensive et contlent, en parllaa en poidi, 56% da rialna ipoxyda, 4% cfagent 
durdsaaur dteyandtamlde, 0,6% cftoocilirateur imldizoia, 1,1% da tilice pyroginie, 1.2% cfagent gonflant azodk 
carbonamide, 37% de microephftraa de verra at 0,8% da maflftre de rempfleeage sous forma de carbonate da 

calcium. 

59 

17. Eliment de construction de renforcement, telon rune queiconqua dee revendlcatfone 1 ft 5 ou 7 ft 16, dant laqual 
raiment flexfele (20) est un tube creux avec un cftblage ilectrique qui ta prolongo dant celul-d talon un tent 

longitudinal. 
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18. Element de construction do renforcement, colon runo queiconque dot revencflcationa precedents*, dons lequel 
la reelne expanalble (22) ost unefeuifle dscoups* ft remporte-piece qui oat enveloppfte autour do reiement flexible 
ou Won eat un revetement qui a et6 moulft aur reiement flexDIo (20). 

19. Element do construction do renforcement, selon runo quolconquo dot nsvsndcstione 1110, dans loquol la rOalno 
expansible (22) eat capable do resistor ft uno temperature cfenviren 32*Cft 93*0 pendant doe pert odes pro tongses 
sane presenter do degradation ou do dtetoraton qui aoit provoquee essentiellement par la chaleur 

20. Precede do ronforcomont cfune place do construction creuse (24) posstdant uno cavtte (26) do gtomftrfe llnealre 
non rectfllgne at au moine un coudo (28) avec un renforcement (22) au niveau dudi coudo (28), caractirlei en 
ce qu'il comports lee stapes sulvantee : 

introduction (fun element do construction do ronforcomont (20), salon Tune quolconquo doe revendicationa 1 
a 19, dans la cavtte (26) do ladlte piece do construction creuse (24), 

fWchtesement et achomlnement do reiement do construction do renforcement (20) par la cavfte (26) Jueqtfft 
ce que la resins exportable (12) soit poslttonnee au niveau du coudo (28); et 

expansion da la rtelne exportable do telle sorts que la reelne exportable sot llaleonnee sur ladlte pfece do 
construction creuse (24) au niveau du coudo (28). 

21. Precede do renforcement cfune piftce, salon la ravendication 20, dans loquol la piftce est seiectlonnee parmi un 
groups constltue (fun raccord do montant A, cfune armature de siege et (fun erceeu de securfte pour un vehicule 
k moteur. 

22. Precede de renforcement cfune piece, selon la ravendication 20 ou 21 , dans Isquei reiement de construction de 
renforcement est muni (fun ensemble cf ecartemont (36) destine ft maintenlr uno dstanco entre reiement de cons- 
truction de renforcement et lee parole internee do la piece avant retape cf expansion. 

29. Precede do renforcement cfune piece ds construction creuse, selon rune quolconquo dee revendlcatione 20 ft 22, 
dana Isqusl reiement de construction de renforcement est soumls ft uno deformation ineiastique avant Petape 
cflntroduction, la defonnation etant telle que reiement de construction de renforcement adopts la geometrl e de la 
cavfte (26). 

24. Precede de renforcement cfune piece de construction creuse, selon rune queiconque dee revendicationa 20 ft 22, 
dans Isquei reiement de construction de renforcement est fa$onne au court de Petape cflntroduction suite au 
contact avec la plsce de construction creuse (24). 

26. Precede de renforcement cfune piece de construction creuse, selon rune queiconque dee revendicationa 20 ft 24, 
dana lequel reiement de construction de renforcement est Immobilise dana la piece de construction creuse (24) 
avant retape <f expansion. 

26. Precede de renforcement cfune piftce de construction creuse, selon rune queiconque dee revendicationa 20 ft 26, 
dene lequel I exists una plurallte de coudee, et la resine (22) est places sur plus (fun dee coudee. 

27. Precede de renforcement cfune piece de construction creuse, selon rune queiconque dee revendicationa 20 ft 26, 
dana lequel la piece est une piece de vehicule, la reeine (22) est therm iquement expansible, st la rftsine est ex- 
panses dana un four ds pelnture de vehbuies pendant une etape cf application de la peinture. 

26. Piece de construction (24) creuse, rfgide et renforcee possedant une cavfte aflongee (26) de geometrte Hnealre 
non rectiigne st au moine un coudo (28), ladlte piftce de construction creuse etant renforcee au niveau dudtt coudo 
(26) per une reeine expanses (22) qui set une mouses structuree, expanses Jusqu*ft ce qu'ese soft sn contact 
too* et en liaisonnement evec ladlte piece de construction creuse (24) au niveau du coudo (28), ladte piftce de 
construction creuse renforcee etant cerectsrleee en ce qu'un element flexble (20) passe dana la sens longtudnal 
i trevers la cavltf (26) de iadte piftce de construction creuse (24) et la risine expanses (22) au niveau du coude 
(2«). 

29. Piece de construction creuse renforcee, selon la ravendication 28, dana iaquefle ladle piece de construction creuse 
est une piece de vehicule qui est seiectlonnee parmi un groupe constltue (fun arceau de securfte, cf un raccord 
de montant A st <f une armature de siftge. 
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30. PIAca da construction crausa ranforcta, salon la ravandteation 28 ou 29, dans laqualla ladt AUmant flaxlbls (20) 
sat craux, at un ciblaga Mctriqua (23) sa p rotenga * travam ladt Mmant flaxtola (20) dans un sans longitudinal. 

31. P\kc9 da construction crausa ranforcfa, salon la rsvancficatlon 28, 29 ou 30, compranant au moina un anssmbla 
5 " d-teartamant (38, 38) qui ast mont* autour dudtt SUmant Haxibla (20) an un amplacamant k raxttrtaur da ladfta 

rtslns axpans«a (22), lad* anssmbla d'feartamant poastdant una plural** da pattaa (38) a* Atandant vans raxt*- 
riaur dans ladKa cavti (26) an contact teadqua avac una surf aca Intama da ladfta pfeca da construction crausa 

(24). 
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